The possibility that fibronectin on the surface of oropharyngeal cells may serve as a receptor for the binding of group A streptococci (Streptococcus pyogenes) was investigated. Purified human plasma fibronectin inhibited the adherence of group A streptococci to oral epithelial cells in a dose-dependent manner. The relative amounts of fibronectin available on oral epithelial cells correlated closely with the ability of these cells to bind streptococci. Group A streptococci agglutinated latex beads containing covalently linked fibronectin on their surface, and this agglutination could be inhibited by lipoteichoic acid, the adhesin that mediates attachment of group A streptococci to epithelial cells. Gelatin and the al chain of type I collagen partially inhibited both the adherence of streptococci to oral epithelial cells and the binding of radiolabeled fibronectin to streptococci; however, the purified fibronectin-binding peptide of collagen, al(I)CB7, inhibited neither. The binding of radiolabeled fibronectin to streptococci was inhibited by lipoteichoic acid. These results suggest that fibronectin on oral epithelial cells serves as a lipoteichoic acid-sensitive receptor for group A streptococci.
Fibronectin is a large glycoprotein found in a soluble form in plasma and various body fluids and in an insoluble form associated with tissue cells (13) and insterstitial connective tissues (5) . Soluble fibronectin has been shown to contain binding sites for a number of molecules, including proteoglycans (2) , collagen (21) , glycosaminoglycans (20) , and glucose (3), as well as for cells of Staphylococcus aureus (9, 12) . It has been shown to act as a nonimmune opsonin in promoting the rapid clearance of a variety of foreign particles (13) and the association of cells of Staphylococcus aureus (14) and Streptococcus pyogenes (17) with phagocytic cells. Immunoreactive fibronectin recently found on the surfaces of human oropharyngeal epithelial cells (25) is thought to form a barrier against the attachment of certain gram-negative bacterial pathogens (23, 24) .
Because of the previous observation that colonization of the upper respiratory tract by gramnegative bacteria is accompanied by a reciprocal loss of the indigenous gram-positive bacterial flora (7), we investigated the possibility that fibronectin may serve as a receptor for the attachment of gram-positive bacteria such as group A streptococci (Streptococcus pyogenes). In this paper, we present evidence that fibronectin on (18) . LTA was deacylated by mild ammonia hydrolysis, as previously described (18) .
Fibronectin. Fibronectin was prepared by the method of Vuento and Vaheri (22) as previously reported (17) . 125I-labeled fibronectin (2.16 ,uCi/,ug) was purchased from New England Nuclear and used without further purification. 3H-labeled fibronectin was made by the reductive alkylation technique of Grinnell (4) and as previously described (17) . Binding studies were carried out with 5 x 108 streptococci and 40 ng of
[125I]fibronectin in a total volume of 0.6 ml. The radiolabel remaining with the pelleted bacteria after three washes in PBS was assayed in an autogamma counter (Packard Autogamma). The results of all binding experiments were confirmed with 3H-labeled fibronectin as previously described (17) .
Preparation of latex beads and agglutination assays. An 0.5-ml amount of an 8% suspension of latex beads (Dow Diagnostics, Indianapolis, Ind.) was conjugated with fibronectin (225 ,ug/ml) or with gelatin (10 mg/ml) by using water-soluble carbodiimide (11 70% in six replicate experiments. The optimal dose of fibronectin for inhibition of adherence varied with individual pools of donor epithelial cells and was reflected by the large standard deviation (Fig. 1) . However, it is clear that soluble fibronectin inhibited the adherence of streptococci to oral epithelial cells. The adherence of two additional strains of group A streptococci (type 24 Vaughan and type 5 Manfredo) were similarly inhibited by 1 ,ug of purified fibronectin ( Table 1) .
The relative amount of fibronectin available on the surface of oral epithelial cells was compared before and after treatments designed to alter the levels of surface fibronectin (Table 2) . Treatments which were previously shown to lower the ability of cell surface fibronectin to bind gelatin (6), 5% ,B-mercaptoethanol or brief heating at 90°C for 1 min, reduced the amount of immunologically detectable fibronectin on oral epithelial cells by 51 and 50%, respectively; a corresponding decrease in the adherence of streptococci to the treated cells was observed ( Table 2) . Pretreatment of the epithelial cells with a high concentration (150 ,ug/ml) of purified fibronectin doubled the amount of measurable fibronectin and resulted in a corresponding increase in streptococcal adherence (Table 2 ).
More precise information on the nature of the interaction between fibronectin and streptococci was sought by immobilizing purified fibronectin by covalent conjugation to carboxylated latex beads with carbodiimide (11 genes LTA inhibited the binding of fibronectin to streptococcal cells in a dose-dependent manner, whereas deacylated LTA had no effect (Fig.  2) . A 500 ,ug/ml concentration of the al chain of type I collagen reduced both the binding of radiolabeled fibronectin to streptococci and the binding of streptococci to oral epithelial cells (Table 4) . However, 500 ,ug of the cyanogen bromide fragment al(I)CB7, the fibronectinbinding region of type I collagen (13), per ml did not inhibit the binding of radiolabeled fibronectin to streptococci nor the binding of streptococci to epithelial cells (Table 4) . Thus, these results are in agreement with the failure of this collagen peptide fragment to inhibit the agglutination of fibronectin-coated latex beads by streptococci (Table 3) .
DISCUSSION
The evidence from our study suggests that fibronectin serves as a receptor for the attach- Although a number of stud glycosylated membrane mob for various bacteria (for a reference 1), to our knowle4 bacterial receptor has been c Leffler and Svanborg-Eden ( et al. (8) (6) , ing of a gram-positive bacterium.
Woods et al. (23, 24) recently reported evidence suggesting that fibronectin on epithelial cells provides a protective barrier against the attachment of certain gram-negative bacterial pathogens. In view of our results and the finding that fibronectin binds to the surfaces of various gram-positive bacteria (9, 12, 17) , it is tempting to speculate that fibronectin plays a modulatory * role in the selective colonization of the oropharyngeal cavity by gram-positive as opposed to gram-negative bacteria. The recent finding that immunoreactive fibronectin is present in salivary secretions (16) 
